INTRODUCTION
In the past 25 years, the prevalence of obesity has increased worldwide, and has consequently lead to the widespread popularity of bariatric procedures. [1] Laparoscopic sleeve gastrectomy (LSG) has been shown to be an effective surgical procedure for managing morbid obesity. [2] However, there is an increase in the incidence of postoperative complications, which includes leaking, bleeding, stenosis and fistula formation. [3] Gastric fistula can occur post-LSG if a leak is not treated early or in the case of unsuccessful treatment. However, although gastrobronchial fistulas are rare, complications can be life-threatening and challenging both diagnostically and therapeutically. [4] Endoscopic intervention is a valuable option for patients who develop small-sized fistulas or who cannot be treated surgically because of their unstable clinical conditions. [3] Over-the-scope clips (OTSCs) (Ovesco, Tübingen, Germany) and Niti-S esophageal stents (Taewoong Medical, Seoul, Korea) are some of the devices that can be used in the endoscopic intervention. OTSC was produced for use in closure of bleeding ulcers and small-sized mural
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Bariatric surgery has rapidly emerged as a modality for managing morbid obesity; however, despite being considered safe, some complications do exist. Formation of a gastrobronchial fistula is a rare complication of laparoscopic sleeve gastrectomy that is associated with high morbidity and mortality. Nowadays, novel endoscopic techniques have widely been adopted in the management of such cases, as they provide minimally invasive options that decrease the morbidity and mortality. Here, the author presents a report of a middle-aged, morbidly obese male who had previously undergone laparoscopic sleeve gastrectomy and returned with a 3-month history of productive cough. On upper gastrointestinal series, the patient was found to have a fistula communicating the stomach to the bronchial tree of his left lung (gastrobronchial fistula). He was treated with endoscopic fistula closure using an over-the-scope clip and a fully-covered Niti-S metallic stent. After this treatment, the patient's symptoms improved dramatically, and the stent was successfully removed 12 weeks later. This report highlights the management of a patient with gastrobronchial fistula formation following laparoscopic sleeve gastrectomy as well as provides a literature review of using combined endoscopic management to treat gastrobronchial fistulas.
Keywords: Endoscopy, gastrobronchial fistula, laparoscopic sleeve, Niti-S stent, OTSC, over-the-scope clip Abstract defects. However, in animal models, this device successfully achieved a reliable, full-thickness closure of defects up to 27 mm in diameter. The ability of OTSC to grasp more tissue, include the whole thickness of the visceral wall and apply a compressive force helps in producing a more durable closure than the standard endoclips. [5, 6] The Niti-S esophageal stent is made of a braided nitinol wire (nickel-titanium alloy), and a polyurethane membrane fully covers the entire stent. The proximal and distal ends also flare in a "dog-bone end design," which decreases the risk of migration. [7] Here, the author presents a case of a middle-aged patient who developed gastric fistula post-LSG and was managed with gastrobronchial fistula closure using an OTSC and a Niti-S esophageal stent.
CASE REPORT
A 46-year-old male patient presented to the Emergency Department of our tertiary care center in Riyadh, Saudi Arabia, with a 3-month history of productive cough.
The patient had undergone LSG at another hospital 1 year ago. Two weeks postsurgery, he presented to their emergency department with chest pain and shortness of breath. The evaluation had revealed left hydropneumothorax, complicated pleural effusion, empyema and a perigastric collection with free air, suggestive of a leak. The patient underwent chest tube drainage and was managed by total parental nutrition and placement of an esophageal stent. Although he appeared to be doing well on initial management, his respiratory symptoms returned every few weeks. Therefore, the patient required multiple admissions for treating lower respiratory tract infections and underwent repeated endoscopic procedures to control the leak by esophageal stenting. The last attempt included placement of a short, partially covered, gastroesophageal metal stent, which was kept for 3 months.
Three weeks after removing the last stent, the patient presented to our hospital with the same respiratory symptoms of chronic cough and shortness of breath. He had stable vitals, and his systemic examination was normal, except for some signs of consolidation (pneumonia) on chest examination. His hemoglobin level was 12.2 g/dL, and the platelet count was normal. C-reactive protein was 36.2 mg/L. Renal and liver function tests were normal. On upper gastrointestinal series, the patient was found to have a fistula communicating the stomach to the bronchial tree of his left lung (gastrobronchial fistula).
After the initial resuscitation, the author decided to close the fistula by endoscopic means [ Figures 1 and 2] . The procedure was done under general anesthesia, and it was initiated using an OTSC cap to aspirate the fistula opening [ Figure 3 ]. Simultaneously, an extra-long, fully covered, metallic stent (Niti-S) was inserted [ Figures 4 and 5] . No postprocedure complications were noted, and the patient showed marked improvement in his respiratory symptoms. He was discharged 7 days after the procedure. As the patient continued to demonstrate symptomatic improvement upon his follow-up visits, the stent was removed 12 weeks after discharge [ Figure 6 ]. A repeat gastrografin meal examination showed a fully healed leak and complete fistula closure. After removing the stent, the patient was followed up for 12 months, and no recurrence was noted on any of the repeated gastrografin studies.
DISCUSSION
Obesity has become a major health problem; consequently, bariatric surgery is increasingly being performed, with the most common being laparoscopic Roux-en-Y gastric bypass and LSG. Such trends also increase the likeliness of postoperative leaks. [3] However, gastric fistulas following bariatric surgery are only seen in 0.9%-2.6% of cases, but its chances increase to 8% when a second operation is carried out. Among all complications of LSG, gastrobronchial fistula development is one of the most rare complications. As the majority of post-LSG leaks occur in the proximal part of the stomach, the most common anatomical location of gastrobronchial fistulas is at the level of the angle of His. [4] Gastric fistulas and leaks have been suggested to occur because of ischemic changes in the gastric wall and not because of staple line disruption. [8] During stenosis of the gastric pouch, the intraluminal pressure increases and directs food toward the fistula, leading to recurrent subphrenic infections. [4, 8] A gastrobronchial fistula can result from a subphrenic abscess. This infection can spread either through direct erosion of the diaphragm or by lymphatic flow to the chest. Subsequently, a lung abscess is formed and eventually drains into a bronchus. [9] In the case reported here, there was a leak in the proximal part of the stomach, which leads to the formation of a gastrobronchial fistula.
Endoscopic therapies for treating post-LSG leaks are now considered the standard of care, as they offer a safe option with minimal complication rates. [10, 11] However, with regard to gastrobronchial fistulas, treatment with endoscopic approaches can be challenging, and thus, in the past, surgery was considered as the only treatment option. However, as the morbidity and mortality were high with surgery, [12] different endoscopic procedures have been developed to manage post-LSG leaks and fistulas, including the use of stents (such as extra-long and Mega), clips (such as OTSC) and fibrin glue. [13] [14] [15] [16] In the case reported here, treatment of the leak by a partially covered stent was unsuccessful because when the stent is short and has a small diameter, it might be ineffective in completely sealing the defect. For the stent to be positionally stable, there should be a sufficient amount of friction between the stent and the mucosal surface, [17] which is not the case when the stent is short and narrow. The high risk of migration and incomplete sealing of the defect makes controlling the leak difficult, and thus leads to the formation of a gastrobronchial fistula.
To achieve complete fistula closure, a different approach was used at our hospital. The fistula was managed by a combined endoscopic intervention using OTSC and a novel, extra-long, fully covered stent. This stent was used to fit the gastric sleeve diameter, and thus ensure enough mucosal contact for a more stable positioning and lower risk of migration. Furthermore, the bigger the stent size, the more is its ability to reduce the intragastric pressure, thereby making it more effective in controlling the leak and facilitating faster healing of the fistula. Using the OTSC may provide additional help by working as an anchor for the stent, and thus lowering the risk of migration. The method of using endoscopic stents and OTSC can offer a minimally invasive alternative to surgery, as it was demonstrated in our reported case. The main complication of stent placement is migration, but the author did not observe any migration or other complications during the period before the stent was removed. After 12 weeks, the stent was taken out, but OTSC was kept in place. The patient's condition, including his respiratory symptoms and pneumonia, improved dramatically after the removal and on follow-up visits to our clinic, no recurrence was observed.
CONCLUSION
This is one of few reports on successful closure of gastrobronchial fistula using the combination of OTSC and a fully covered metal stent. Therefore, this case highlights the use of a novel, combined endoscopic technique and approach as a safe and effective modality that is justified when attempting gastrobronchial fistula closure post-LSG.
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